Recently, three types of lining materials have been used in dental clinics, conventional powder-liquid glass ionomer cement, light-cured powder-liquid glass ionomer cement and a light-cured single paste type. This study compared the effects of these lining materials on the shrinkage stress of light-cured composite resins during the early setting stage, when polymerization shrinkage occurs. After the second irradiation, the shrinkage stress of composite resins lined with light-cured powder-liquid type cements was approximately 1.0 to 2.2MPa when the lining application was 1.5mm and 0.5mm thick, respectively, demonstrating that a thicker lining application decreased shrinkage stress. The single paste type was only slightly effective in reducing shrinkage stress in composite resins.
INTRODUCTION
, consisted of 1) sample tester, 2) load cell for measuring shrinkage force, 3) strain gauge UL type transducer for measuring distance, 4) clamp, 5) limit switch for the distance between the upper and lower rods, 6) servomotor and 7) specimen. The specimen was placed in the sample tester while the upper rod was down. When the distance between the upper and lower rods was decreased by shrinkage, the developing current was amplified by the UL transducer and drove the servomotor to maintain a constant distance between the rods and the developing force was measured by the load cell.
As the cavity walls, brass rings were prepared 4.5mm, 5.0mm, and 5.5mm in depth, and 6.0mm in inner diameter. The cavity floor was made of a brass rod connected to the servomotor.
The inner cavity surfaces were frosted with an aqueous slurry of No. 400 carborundum particles to adhere tightly to the cement or composite resin. The test lining * Vitrabond , 3M Co., USA. ** Lining LC , G-C Co., Tokyo, Japan.
# Cavalite, Kerr Co., USA. # # Ionosit, DMG, Hamburg, German. @ Dentin Cement, G-C Co., Tokyo, Japan. @@ Photo Clearfil A, Kuraray Co., Okayama, Japan. material was placed on the cavity floor, in a thickness of 0.5mm, 1.0mm or 1.5mm, after applying a dual-cured bonding agent$.
The specimen was then irradiated by CureMaster A$$ for 40sec. The composite resin, shade US, 4mm thick, was then placed on top of the cement lining, and irradiated twice for 40sec at an interval of 40sec. For Den, the composite resin was added 4min after the start of mixing, and irradiated in the same manner.
Three specimens of each lining material as well as the control were evaluated and the means and standard deviations of the maximum shrinkage stresses during the hardening of the lining materials in the first, and second irradiation periods were obtained.
RESULTS
The shrinkage stresses over time are represented in Fig. 2a -f. The bonding agent was applied and irradiated for 10sec during the first stage and there were no stresses at this stage in any specimen. The second stage lasted 40sec during which various thicknesses of lining materials were placed in the cavities and irradiated for 40sec except for the Den samples (Table 1) . Shrinkage stresses of lining materials were measured during this stage. In the third stage, the bonding agent was applied over the lining material and irradiated for 10sec. Some specimens showed increased stress during this stage. During the fourth stage, the cavity was filled with a 4mm layer of composite resin and irradiated for 40sec (first irradiation).
In the fifth stage, the specimen was again irradiated for 40sec (second irradiation). For the Den sample, the irradiation in the second stage was omitted and the specimen was allowed to set for 240sec.
The means and standard deviations of the maximum shrinkage stresses during the irradiation of the lining and those of Den (Table 1) , and during the first and second irradiations of the composite resins are shown in Table 2 . The effects of the lining thickness on the shrinkage stress in composite resins are shown in Fig. 3 a-f .
During the irradiation of the lining material before composite resin filling, all specimens showed increased shrinkage stresses relative to thicker lining application except for Den which showed no stress during 240sec (Table 1) . During the first irradiation, shrinkage stresses in samples lined with Vit, LC and Den were decreased by thicker application, while stresses in samples lined with Cava and Iono showed increases, as did the control (Table 2) . During the second irradiation, all samples showed maximum stress values at each thickness except for Den which showed maximum stresses during the first irradiation ( Table 2 ). The highest values for stress measurements were: Vit, 1.90MPa; LC, 2.18MPa (second irradiation); and Den, 0.65MPa (first irradiation) at 0.5mm thick, and Cava, 3.62MPa; Iono, 3.65 MPa; and the control, 4.74MPa at 1.5mm thick (second irradiation).
In the samples lined with Den, the stress was less affected by the thickness of the linings, and showed the lowest shrinkage stress of all conditions in this study, however,stress rapidly decreased at the end of the first irradiation.
$ Clearfil Photo Bond, Kuraray Co., Okayama, Japan .
$$ CureMaster
A, 3M Co., USA. after lining, according to our report16), while the stress in the composite resin developed within the irradiation period, so that the lag in setting time of this cement decreased shrinkage stress. That is, slow setting of this material may permit stress relief while the composite resin hardens17). Previous reports16) also suggested that the stresses of light-cured composite resin lined with conventional powder-liquid glass ionomer cement+ 1.5mm and 0.5 + Lining Cement , G-C Co., Tokyo, Japan. mm thick were 1.0 to 1.4MPa, respectively, 10min after this material was applied. Even if the experimental period was prolonged, the maximum stresses showed no more than 2.5MPa in our preliminary study. Regarding the thickness of lining material, samples lined with powder-liquid type cement showed that the shrinkage stresses of composite resins were decreased by thicker applications (Table 2) , however the shrinkage stress of lining materials were increased with irradiation to thicker lining applications (Table 1 ). In the samples lined with Den, such stress was less affected by the thickness, and showed the lowest shrinkage stress of all conditions studied. When the composite resin 4mm thick was placed on the lining material, greater shrinkage stress in the composite resin induced lining material deformation particularly in the polycarboxylate-containing powder-liquid type cements.Then the amount of shrinkage stress was decreased by a thicker lining application.
However, in samples using the single paste type, stress was increased by thicker application, possibly because it contained composite resin components, with a shrinkage stress pattern similar to the control during each irradiation period (Fig. 2) . Therefore, less deformation should arise in the single paste type material than in the powder-liquid type during composite resin shrinkage. The buffer effect of the lining material during the composite resin polymerizing process was clarified by measuring the stresses during the first and second irradiations.
The samples lined with light-cured powder-liquid type showed smaller differences between the first and second irradiations compared to that of those lined with the single paste type or the control. This indicates that the buffer effects of the light-cured powder-liquid type are higher than those of other materials.
For the samples lined with Den, stresses decreased rapidlyat the end of the first irradiation as shown in Fig. 2 -e, then the stresses of the first and second irradiation turned were reversed in Fig. 3 -e. It was supposed that greater exfoliation occurred at the junction of the cement and composite resin or the cavity surface just after the first irradiation. Although lower shrinkage stress may be preferable in clinical practice, whether this phenomenon provides physical properties for restorations and lining materials has not been determined.
In this study, the shrinkage stresses measured may not reflect all stresses caused by gross shrinkage away from the cavity wall or floor. The stress values obtained might be factors of flow deformations, exfoliations and micro cracks in thematerial.
These results imply that lining material can effectively reduce shrinkage stresses in composite resins. Especially, powder-liquid type cements might be suitable lining materials for a deep cavity and a thicker lining application could improve shrinkage stress . 
CONCLUSION

